Vertebrate somitogenesis is a complicated process in which temporal oscillation of somite clock genes is translated into spatially periodical expression of segmentation genes. While molecular components for somite segmentation and their prospective interactions have been well documented, it is difficult to infer the spatiotemporal dynamics generated from such networks. In this study, we developed a simple mathematical model to understand the dynamics of gene regulatory network underlying segmentation process. Our model incorporated the gene regulatory network for somite segmentation in mice with the idea of "clock and wavefront model." The model describes the dynamics of four proteins (NICD, Mesp2, Tbx6, Ripply) and two mRNAs (Mesp2, Ripply) in one dimensional array of cells, which represents a growing presomitic mesoderm. We calculate the dynamics of segmentation genes for wildtype and Ripply mutant conditions. The wildtype simulation reproduces periodic expression of NICD and Mesp2 with a subsequent degradation of Tbx6 at a future segmentation border, supporting that the modeled gene network is sufficient to explain a wildtype phenotype. In contrast, the Ripply mutant simulation fails to reproduce a mutant phenotype, indicating some unknown function of Ripply. A subsequent experiment showed a novel function of Ripply. We integrated this function into the model and confirmed that the new model reproduces both wildtype and mutant phenotypes. A comparison between two models demonstrated that the novel function of Ripply is essential for the somite segmentation. Adult stem cells are the source of continuous supply of differentiated cells. Upon stem cell division, its daughters either self-renew or differentiate, a balance of which is critical to tissue homeostasis. To maintain this critical balance, many stem cells have a potential to divide asymmetrically, giving rise to one stem cell and one differentiating cell. Drosophila male germ line stem cells (GSCs) divide always asymmetrically, producing one self-renewed stem cell and one differentiating cell. This asymmetric stem cell division is tightly controlled via stereotypical positioning of mother and daughter centrosomes, leading to oriented spindle with respect to the stem cell niche and thus asymmetric stem cell division. We show that GSCs possess a novel checkpoint that monitors correct centrosome orientation prior to mitosis, ensuring asymmetric outcome of the division. We further show that Par1 kinase is the component of this checkpoint. It has been proposed that stem cells might protect their genome from accumulation of mutations by segregating older copy of DNA strand ("immortal strand hypothesis"). The finding that male GSCs segregate the mother centrosome has inspired the discussion that the mother centrosome might be used as means of segregating older DNA strand. However, to date, there is not a single system where the fate asymmetry can be unambiguously identified and the DNA strand segregation pattern was tested. Here we show that male GSCs do not segregate their genomic DNA asymmetrically, despite their stereotypical inheritance of mother centrosomes. We are using a combination of ChIP-seq, RNA-seq, and transfection assays to identify and test novel regions bound by tissue-specific transcription factors in the mesoderm lineage in mouse and Drosophila. In the fly system, the focus is on Twist, which is involved in early dorsoventral patterning and later in myogenesis. In mouse muscle, we have captured interactions of multiple MRF's and several interacting factors in myoblasts and myocytes. After identifying candidate regulatory regions, we are systematically analyzing the motif composition of binding regions and testing the functional significance by mutation and transgenesis. All previously known mouse muscle enhancers bind the expected factors at genes that are up-regulated upon muscle differentiation. Many of the genes associated with myoD binding are not expressed in myoblasts but are expressed in myocytes. MyoD thus prefigures active enhancer activity. Previously unrecognized enhancers are also found at these genes. However, a striking observation is that most genes have at least one MyoD/myogenin binding domain. The vast majority of these genes are not up-regulated during differentiation and ongoing studies are aimed at finding out what function these sites serve, if any. doi:10.1016/j.ydbio.2010.05.037
Program/Abstract # 14 A combinatorial code of transcription factors specify dopaminergic neuron differentiation across phylogeny Oliver Hobert Dept. of Biochemistry, Columbia University, HHMI, New York, NY, USA Dopaminergic neurons are a diverse class of neurons that regulate a variety of different behaviors across the animal kingdom. The common denominator of all dopaminergic neurons is the expression of a set of phylogenetically conserved proteins involved in dopamine synthesis and transport ("dopaminergic terminal differentiation gene battery"). We have deciphered the cis-regulatory logic that governs the control the expression of the dopaminergic terminal gene battery using the nematode C. elegans as a model system. Through the dissection of gfp reporter gene constructs, we show that all genes within this battery are co-regulated through the same cis-regulatory logic. All genes require a combination of 3 cis-regulatory elements, an ETS domain factor binding site, a HOX/Pbx binding site and a classic homeodomain binding site. Through genetic screens, we have 416 Abstracts
